The present study evaluated the correlation between the behavior of mice in the forced swimming test (FST) and in the elevated plus-maze (PM). The effect of the order of the experiments, i.e., the influence of the first test (FST or PM) on mouse behavior in the second test (PM or FST, respectively) was compared to handled animals (HAND). The execution of FST one week before the plus-maze (FST-PM, N = 10), in comparison to mice that were only handled (HAND-PM, N = 10) in week 1, decreased % open entries (HAND-PM: 33.6 ± 2.9; FST-PM: 20.0 ± 3.9; mean ± SEM; P<0.02) and % open time (HAND-PM: 18.9 ± 3.3; FST-PM: 9.0 ± 1.9; P<0.03), suggesting an anxiogenic effect. No significant effect was seen in the number of closed arm entries (FST-PM: 9.5 (7.0-11.0); HAND-PM: 10.0 (4.0-14.5), median (interquartile range); U = 46.5; P>0.10). A prior test in the plus-maze (PM-FST) did not change % immobility time in the FST when compared to the HAND-FST group (HAND-FST: 57.7 ± 3.9; PM-FST: 65.7 ± 3.2; mean ± SEM; P>0.10). Since these data suggest that there is an order effect, the correlation was evaluated separately with each test sequence: FST-PM (N = 20) and PM-FST (N = 18). There was no significant correlation between % immobility time in the FST and plus-maze indexes (% time and entries in open arms) in any test sequence (r: -0.07 to 0.18). These data suggest that mouse behavior in the elevated plus-maze is not related to behavior in the forced swimming test and that a forced swimming test before the plus-maze has an anxiogenic effect even after a one-week interval. The traditional view postulates anxiety and depression as separate and distinct disorders. However, several clinical studies have shown a great overlapping between depression and anxiety states. For example, the comorbidity of depression and panic disorder is about 50-75% (1), while the comorbidity of depression and generalized anxiety disorder is approximately 60% (2). Surprisingly, this association has received little attention in animal research.
The traditional view postulates anxiety and depression as separate and distinct disorders. However, several clinical studies have shown a great overlapping between depression and anxiety states. For example, the comorbidity of depression and panic disorder is about 50-75% (1), while the comorbidity of depression and generalized anxiety disorder is approximately 60% (2) . Surprisingly, this association has received little attention in animal research.
Hilakivi and Lister (3) reported that the immobility time of mice in the forced swimming test (FST) was not correlated with their behavior in the elevated plus-maze (PM). On the other hand, Ferré et al. (4) found a significant correlation between struggling time (escape-directed movements) of mice in the forced swimming test and latency to first entry into open arms in the elevated plusmaze test. Furthermore, one factor explaining 47.0% of the variance appeared in the factorial analysis. In this factor struggling time and latency to enter the open arms showed a positive load, whereas percentage of time and entries into the open arms showed a negative load. Although these results could strengthen the anxiety-depression relationship, no significant correlation was found between the traditional measures in the elevated plus-maze and struggling. More recently, Prasad et al. (5) have found a weak but significant correlation (r 2 = 0.337) between the behavioral measures of rats submitted to the elevated plus-maze and forced swimming test. This is a complex relationship showing that rats with low levels of anxiety exhibited an inverse correlation between anxiety and depression (the level of anxiety increased as the level of depression decreased, r = 0.73), while rats with high anxiety showed a direct correlation between anxiety and depression (the level of anxiety increased as the level of depression increased, r = 0.42). Moreover, dehydroepiandrosterone decreased behavioral despair only in high-anxiety rats. Another approach was used by Overstreet et al. (6) , who studied the behavior of Maudsley reactive (MR) and Maudsley nonreactive (MNR) rats (high and low defecation rate in the open field, respectively) in the elevated plus-maze and forced swimming test. MR displayed a higher immobility time in the FST and a lower percentage of open time in the plus-maze than MNR and Wistar rats.
Therefore, some studies suggest the existence of an anxiety-depression association (4-6) while others do not corroborate it (3). However, in the studies described above the models were used with several modifications in comparison to the original reports. For example, Hilakivi and Lister (3) Thus, the present experiment was designed to study the correlation of behavior of the same mice tested in the elevated plusmaze and in the forced swimming test using the validated procedures, and to determine whether there is an order effect in the test sequence.
Animals were 78 adult albino male mice (20-25 g) of our own breed. They were housed in groups of ten in polypropylene cages with wood shavings as bedding, under controlled conditions of light (12-h light-dark cycle, lights on at 7:00 a.m.) and temperature (22 o C). The animals had free access to water and food throughout the experiment. In the forced swimming test mice were placed in a glass aquarium (20 cm in diameter x 30 cm high) containing 6-cm deep cold water (24 ± 1 o C) for 6 min and immobility time was recorded during the last 4 min. The mouse was judged to be immobile whenever it stopped swimming and remained floating in the water, with its head just above water level. The water was changed after each animal to avoid olfactory cues left by the previous animal. Following the test the animals were dried in a heated enclosure. The depression index is immobility time, so that antidepressive treatment reduces the immobility time (7, 8) . Thus, an open roof, arranged in such a way that the two arms of each type were opposite to each other. The maze was elevated 60 cm above floor level. The maze was constructed of black painted wood. Twenty mice were tested first in the forced swimming test and then (1 week apart) in the elevated plusmaze (FST-PM) and 18 animals were tested in the inverse order (plus-maze followed by forced swimming test, PM-FST). The two test sequences were used to minimize the influence of an eventual order effect. Thus the results of the same tests performed in the oposite order were compared to verify the possibility of summing of the data. All experiments were carried out between 8:00 and 11:00 a.m. to avoid the influence of circadian rhythms on emotionality. Since the data fit the parametric assumptions (normality of data and homoscedasticity), statistical analysis was performed using parametric methods, i.e., Student t-test to compare groups with different sequences of testing and Pearsons correlation to measure correlation between the behaviors of mice in the two models. The exception was the number of closed arm entries which was analyzed by the Mann-Whitney U-test.
There was a decrease in the % of open arm entries (t = -2.438; P<0.02) in the forced swimming-elevated plus-maze sequence group (FST-PM: 19.8 ± 3.0; mean ± SEM) when compared to the elevated plus-mazeforced swimming sequence group (PM-FST: 30.1 ± 3.5). There was no significant difference in % open time (FST-PM: 11.1 ± 3.2; PM-FST: 15.5 ± 2.8; t = -1.004; P>0.10) or in the number of closed arm entries (8.0 (7.0-10.5) and 7.0 (5.5-8.0), median (interquartile range), U = 142.50; P>0.10). There was no difference in immobility time between the two sequence groups (FST-PM: 86.7 ± 2.8; PM-FST: 75.5 ± 6.5; mean ± SEM; t = 1.6529; P>0.10). Thus, since it is not possible to sum the data from the two sequences of testing, correlation analysis was performed separately between the two sequence groups (Table 1 ). There was no significant correlation and the correlation indexes were very low (-0.07 to 0.18).
These results suggest a possible order effect. However, the comparison of the FST-PM results to PM-FST was not adequate because the data were collected at a one week interval, when several variables may have influenced the behavior of the animals. Thus, a second set of experiments was carried out. Forty mice were divided into 4 groups (N = 10/group): in 2 groups the ani- Trials were conducted one week apart. Sequence of tests: FST-PM: forced swimming test followed by elevated plus-maze; PM-FST: elevated plusmaze followed by the forced swimming test. Clinical data suggest a relationship between anxiety and depressive states (1, 2) . However, in the present study we did not detect this correlation in the two most frequently used animal models: the elevated plus-maze and the forced swimming test. Thus, although our results contradict those obtained in some previous studies (4, 5) , they agree with those reported by Hilakivi and Lister (3) . However, the present study was the first to employ the standard (validated) procedures for the animal models used (PM and FST).
These negative results can be explained by the following hypotheses: a) the methodology employed is inadequate to measure the anxiety-depression association; b) the models used are not adequate for this kind of study, and c) the clinical anxiety-depression correlation does not have a neurobiological basis. In clinical studies, the association between these disorders increases with the length of the observation period: it is lower in cross-sectional studies and higher in longitudinal studies (10) . Moreover, these disorders are frequently related to chronic stress. Thus, the best methodology may be to perform the tests after a repeated stress period. Indeed it is suggested that the anxiogenic effect observed in the plus-maze after a restraint stress could be a model to study depression-related anxiety (11) .
In general, animal models are validated by pharmacological studies, but their validity for another type of study is unknown (12) . While the plus-maze has been extensively validated, the FST has been criticized as a model of depression despite its good sensitivity and specificity for antidepressive treatments (8, 12) . Another point that needs consideration is the temporal reliability of the models. Although some studies suggest that these models are stable over time, other studies do not corroborate this view (13) . Moreover, all these studies used inappropriate methods to evaluate reliability (e.g., correlation tests), which makes it difficult to draw a conclusion about the real reliability of the models. Apart from the above considerations, the independence between the measures obtained using the plus-maze and the FST, which is suggested by the present study and by a previous study (3) , is a valuable indication of the discriminant validity of these models. The present study also suggests that there is an order effect when the FST is executed before the PM, but not in the inverse order. Previous studies have shown that a broad range of prior stress has an anxiogenic effect on rats and mice tested in the plus-maze, although some negative results were also found. For example, prior immobilization was found to be anxiogenic (11, 14, 15) or to have no effect (11, 16) . Furthermore, it was shown in rats that prior stress (habituation to a novel environment and footshock) decreased % time spent in the open arm, which is correlated with a decrease in the benzodiazepine-like molecules in the amygdala, hippocampus and septum (17) . However, in these studies the animals were tested in the plus-maze up to 24 h after the last stress administration, whereas in the present study this anxiogenic effect was tested after 1 week. It is important to note that this time frame is commonly used in several laboratories to habituate newly arrived animals (e.g., 18). Thus, the present data suggest that a longer period of time may be required to acclimate the animals to laboratory conditions before their use in some models (e.g., plus-maze). Moreover, since the previous stress history may be crucial to determine the animal response to some drugs in the plus-maze behavior (19) , some inconsistency in the drug response in the elevated plus-maze can be explained.
Many animal models of depression use prior exposure of animals to stress. For example, it was demonstrated that chronic mild stress induces a state of anhedonia similar to that seen in depressed patients (20) . The influence of prior stress on the forced swimming test was evaluated in a few studies. It was shown that chronic (but not acute) immobilization stress reduces the duration of immobility (21) , in agreement with the present study which employed only one stress session. On the other hand, another study found that animals exposed to a pre-test session remained immobile for a longer time than those which had not been exposed (20) . Moreover, prior exposure to acute stress is necessary to demonstrate the anti-immobility effect of many clinically effective antidepressant drugs (22) . However, these studies were conducted on rats and it should be emphasized that the methodologies used for rats and mice were different: there was a 24-h interval between prior swimming stress and testing for rats, while for mice the 2 min of prior swimming stress was applied immediately before the 4 min of testing. It would be interesting to study the effect of previous different types of stress on FST behavior. Moreover, although in the present study the PM experience did not modify subsequent FST behavior of drug-naive mice, a previous study found that exposure of animals to PM alters the neurochemical and behavioral (in the second PM trial) effects of chlordiazepoxide (23) . Thus, a question to be considered in future experiments is whether a previous PM test alters the drug response of animals submitted to FST.
In conclusion, the data of the present study suggest that mouse behaviors in the elevated plus-maze and in the forced swimming test are not related and that a forced swimming test before the plus-maze has an anxiogenic effect even after a one-week interval.
